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Polymer exchange membrane fuel cells (PEMFC)
are compact portable devices capable of
producing up to 1 kW of power. As the focus
region for hurricane strikes, the Houston and
Galveston areas are well known to become
isolated from essential life-sustaining
components such as energy, water, and heat.
Through computational fluid dynamics (CFD)
modeling, a 72x71 mm serpentine channel
model was produced. The validity of the model
is evaluated based on current-to-voltage
(polarization) curves and the effect of inlet mass
flow rate is examined. Compared to
experimental tests, the numerical model
provides promising trends in the polarization
curves, while suggesting inlet mass flow rates
have significant effects on the current density
flowing throughout the fuel cell stack.
Current Collectors:
Bipolar plates are used to house the serpentine channels and direct the flow
of electrons from the anode to an external circuit as shown in Figure 1.
Gas Diffusivity Layers (GDLs):
Generally available in the form of carbon paper or woven carbon fabrics,
these thin layers are used to facilitate the flow of reactant gases. [2]
Catalyst Layers:
The location at which the electrochemical reactions described in Figure 1 will
take place. [3]
Membrane (Electrolyte):
Completes the electrochemical reaction by conducting protons from the
anode to the cathode and separates reactant gases in the anode and cathode
sections.
This study aims to elucidate the feasibility of
providing electrical power through clean and
compact power systems as an alternative to
diesel and propane generators.
Figure 2. a) Exploded View for a Polymer Exchange Membrane Serpentine
Fuel Cell Design b) Hurricane Strikes near the Gulf Coast Region for
2020.
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Figure 3. Current-to-Voltage (Polarization) Curves at 
varying Inlet Mass Flow Rates at the Anode.
The polarization curve obtained in Figure 3
illustrates the effects of inlet mass flow rate at
the anode on the current density. As expected,
a greater amount of hydrogen gas will result in
an increased amount of current density for a
given voltage loss.
The results obtained by the polarization curves
present similar trends to those obtained by
experimental methods. The polarization curve
suggests hydrogen gas to be the primary
reactant affecting the current density
measured at the cathode wall. A highly
efficient fuel processor may be necessary to
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Power Outages:
When hurricane Hanna struck the gulf coast region in the summer of 2020,
over 50,000 power outages were reported by one of the largest electric
providers in the region. [1]
Flooding:
Heavy rainfall may flood homes and roads, which leads to civilians seeking
refuge in community shelters and loss of property.
Role of Fuel Cells:
Fuel cells provide electrical power by means of the electrochemistry
described in Figure 1. Consequently, fuel cells are compact portable sources
of electrical power with the potential of providing heat and excess drinking
water through a filtering process.
Figure 1. PEM Fuel Cell Zones and Electrochemical
Reactions
